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  Cross Section – Nucleon structure functions F1 and F2 : �

  Quark-Parton Model (QPM) interpretation in terms of �
  quark probability distributions qi(x) (large Q2 and ν):�
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  Assume isospin symmetry: �

  Proton and neutron structure functions: �

  Nachtmann inequality: �

F2
n/F2

p in Quark Parton Model�



SLAC 1968-1972 
Friedman, Kendall, Taylor 
(1990 Nobel)�

F2
n/F2

p extracted from 
hydrogen and deuterium 
deep-inelastic data 
using Hamada-Johnston 
potential in a Fermi-
smearing model.�

Data in disagreement with�
SU(6) prediction: 2/3=0.67!�
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The vahdlty of these calculations can be tested by 
extracting the ratio of the free nucleon structure func- 
tions F~/F~ from the lion and hydrogen data of the 
EMC. Applying, for example, the smearing correction 
factors for the proton and the neutron as given by 
Bodek and Rltchle (table 13 of ref. [8]), one gets a 
ratio whmh is very different from the one obtained 
with the deuterium data [3]. It falls from a value of 
~1 .15  a tx  = 0.05 to a value of ~0.1 a t x  = 0.65 which 
is even below the quark-model lower bound of 0.25. 

A direct way to check the correctmns due to nu- 
clear effects is to compare the deuteron and iron data 
for they should be influenced slmdarly by the neutron 
content of these nuclei. The iron data are the final 
combined data sets for the four muon beam energies 
of 120,200, 250 and 280 GeV; the deuterium data 
have been obtained with a single beam energy of 280 
GeV. The ratio of the measured nucleon structure 
functions for iron F2N(Fe) = 1 wuFe gg* 2 and for deutermm 
FN(D) = {F~ D, ne,ther corrected for Fermi motion, 
has been calculated point by point. For this compari- 
son only data points with a total systematm error less 
than 15% have been used. The iron data have been cor- 
rected for the non-lsoscalarlty of 56Fe assuming that 
the neutron structure function behaves hke F~ = (1 
- 0 .75x)FP .  This gives a correction of ~+2.3% at x 
= 0.65 and of less than 1% forx  < 0.3. The Q2 range, 
which ~s limited by the extent of the deuterium data, 
as different for each x-value, varying from 9 ~< Q2 ~< 27 
GeV 2 for x = 0.05 over 11.5 ~< Q2 < 90 GeV 2 for x 
= 0.25 up to 36 ~ Q 2  ~< 170 GeV 2 forx  = 0.65. 

W~thm the hmlts of statistical and systematm errors 
no slgmficant Q2 dependence of the ratm F ~ ( F e ) /  
FN(D) is observed. The x-dependence of the Q2 aver- 
aged ratio is shown in fig. 2 where the error bars are 
statistical only. For a straight line fit of the form 

FN(Fe)/FN(D) = a + bx , 

one gets for the slope 

b = - 0 . 5 2  + 0.04 (statistical)+ 0.21 (systemattc). 

The systematm error has been calculated by distort- 
mg the measured F N values by the individual system- 
atm errors of the data sets, calculating the correspond- 
mg slope for each error and adding the differences 
quadratically. The possible effect of the systematic 
uncertainties on the slope is lndmated by the shaded 
area m fig. 2. Uncertalntms m the relative normahsa- 

13 

12 

11 

10 

09 

08 

I I [ I I I 1 

02 04 06 X 

2, The ratio of the nucleon structure funct ions F N Fig. mea- 
sured on tron and deuter ium as a function o f x  = O2/2M,-,v. 

- 5 6  The iron data are corrected for the non-lsoscalarlty of 26Fe, 
both  data sets are not  corrected for Fermi motion. The full 

hnear fit F N ( F e ) / F N ( D )  = a + b x  which results c u r v e  i s  a in 
a s l o p e b = - 0 5 2 _ +  0.04 (stat.) -+ 0 . 2 1 ( s y s t )  The shaded 
area indicates the effect of systematm errors on this slope. 

tlon of the two data sets will not change the slope of 
the observed x-dependence of the ratio but can only 
move it up or down by up to seven percent. The dif- 
ference F N ( F e ) - F N ( D )  however ,s very sensitwe to 
the relatwe normahsatlon. 

The result is m complete disagreement with the 
calculations dlustrated an fig. 1. At high x, where an 
enhancement of the quark distributions compared to 
the free nucleon case is predicted, the measured struc- 
ture function per nucleon for ~ron ~s smaller than that 
for the deuteron. The ratio of the two is falhng from 
~1.15  a t x  = 0.05 to a value of ~0 .89  a t x  = 0.65 
while it is expected to rise up to 1.2-1.3 at this x 
value. 

We are not aware of any published detailed predic- 
tion presently available which can explain the behav- 
tour of these data. However there are several effects 
known and discussed which can change the quark dis- 
tributions m a high A nucleus compared to the free 
nucleon case and can contribute to the observed ef- 
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… and then came the EMC effect �

EMC�
Phys. Lett. B123, 275 (1983)�

SLAC E139 �
Phys. Rev. Lett. 52, 727 (1984)�

IF DEUTERIUM ALSO AFFECTED �
F2

n/F2
p, d/u  extraction and conclusions could be wrong	  



SU(6) symmetry�

pQCD �

0+ qq only �

DSE: 0+ & 1+ qq �

Review:  Rev. Mod. Phys. 82, 2991 (2010)�

The “new & improved” F2
n/F2

p ratio �
(according to some of the proposed EMC effect models)	  



  Form the “SuperRatio” of EMC ratios for A=3 mirror nuclei: �

  If R=σL/σT is the same for 3He and 3H, measured DIS cross�
  section ratio must be equal to the structure function ratio as�
  calculated from above equations: �

  Solve for the nucleon F2 ratio and calculate R* (expected to �
  be very close to unity) using a theory model: �

Nucleon F2 Ratio Extraction from 3He/3H �
[Phys. Rev. C68, 035201 (2003)] �



 SuperRatio  R* = R( 3He)/R( 3H) has been calculated by several groups.�
  Largest deviation from 1 for 0 < x < 0.93 is ~1.5% after taking into 

account all known effects 
  * I. Afnan et al., Phys. Lett. B493, 36 (2000); Phys. Rev. C68, 035201 (2003) 
  * E. Pace, G Salme, S. Scopetta, A. Kievsky, Phys. Rev. C64, 055203 (2001) 
  * M. Sargsian, S. Simula, M. Strikman, Phys. Rev. C66, 024001 (2002) 



Experiment Overview �

  Target system with helium/tritium/deuterium cells.�

  Perform experiment in Hall A: �
  	  Beam Energy (Current): 11.0 GeV (25 µA) �
 Simultaneous	  use of left-HRS for 0.23 < x < 0.55 and BigBite 

for 0.59 < x < 0.87	  	  
 ~ 700 hours for d/u measurement (@ 100% efficiency)�

 Measure R=σL/σT for 3He and 3H: �
 Use left-HRS�
  Beam energies of 3.3, 5.5 and 7.7 GeV �
 ~ 300 hours (@ 100% efficiency)	  



Hardware Overview I  (Hall A)�
High Resolution Spectrometers (HRS):  QQDQ, p0max~4 GeV, Δp/p ~10-4, ΔΩ	  ~6.5 msr, �
TTL:	  +/-‐	  5	  cm;	  ΔθL = 12.5-160 deg; ΔθR = 12.5-135 deg;  L	  ~	  26	  m,	  H	  ~	  16	  m	  ,	  W	  ~	  2	  kt;	  	  



BigBite: D, p0max~1 GeV, Δp/p ~10-2, ΔΩ	  ~40-50 msr, �
Dri8-‐chambers,	  scin?llator	  hodoscope,	  Pb-‐glass	  calorimeter	  &	  gas	  threshold	  Cerenkov	  

Hardware Overview II  (Hall A)�



Proposed Target System�
  	  Five-cell target structure (1H, 2H, 3H, 3He, Al Dummy): �

  	  All cells: 25 cm long, 1.25 cm ID, 25 µA max current �
  	  3H cell: 10 atm, 1000 Ci activity �
  	  1H, 2H, 3He cells: 25 atm�

  Conceptual Design of a Tritium Gas Target for Jlab, �
   Tritium Target Task Force, Roy J. Holt et al., May 2010 �
	  	  	  	  	  External consultants: �

  Bruce Napier of Pacific Northwest National Laboratory (PNNL), author 
of GENII-NESHAPS code�

  Phil Sharpe, Director of Safety and Tritium Applications Research 
(STAR) Facility at Idaho National Laboratory (INL)�

  R. Wayne Kanady, Radiological Engineer at INL.�

  	   1st Jlab Review – June 3, 2010 – “no direct show stoppers” for 
further development. 45 items identified. Move on to establish, �
  	  Design authority – person responsible for project �
  	  Engineering team �
  	  Responsibility lines for INL, Jlab and collaboration �
   Approving authority for safety checkout plans	  



Proposed Target System - II �
  All cells Al 2219 alloy – 3H compatible, weldable, age hardens after 

welding and relative high yield strength�

  Fill cells at Safety and Tritium Applications Research (STAR) Facility 
of Idaho National Lab �

The 5-cell assembly� Single cell�



Expected Results for  F2
n/F2

p and d/u Ratios �

Point-to-point uncertainties (in quadrature): statistical (less than +/- 1%), theoretical 
(negligible to +/- 1% @ 0.86) and +/- 0.5% in ratios (e.g. rad. corr.)�



Other ….�

Maximize physics output of 3H target! �
  	  Deep	  Inelas?c	  scaJering	  
  	  x>1	  Inelas?c	  scaJering	  
  	  Quasi-‐elas?c	  scaJering	  
  	  Elas?c	  scaJering	  
  	  Semi-‐inclusive	  scaJering	  

>> thank you << �


